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1.  BACKGROUND 


HF  communication  has  been  provided  In  several  of  the  Army  aircraft  for 
some  time,  primarily  fixed  wing  and  In  the  UH*1  (HUEY)  for  special  missions. 

The  use  of  HF  has  been  used  primarily  to  achieve  a  long  range  comnunicatlon 
that  is  beyond  the  capability  provided  by  FM  (30-76  MHz),  VHF  (116-152  MHz), 
and  UHF  (225-400  MHz),  Present  flight  doctrine  require  aircraft  to  fly  through 
valleys,  behind  hills  or  In  defilade  to  better  avoid  detection  by  enemy  sur¬ 
veillance  radars,  while  in  transit  or  In  an  assigned  target  area.  The  above 
standard  complement  of  communications  (SLAS)  Is  not  satisfactory  for  nap-of- 
the-earth  (NOE)  tactical  maneuvers  due  to  the  loss  of  llne-of-slght  condi¬ 
tions;  hence  an  alternate  means  was  Investigated,  It  was  determined  that  HF 
when  Implemented  with  a  specific  frequency  selection  discipline  can  provide 
a  reliable  communication  means  over  a  short-range  situation  that  Is  conq’letely 
Independent  of  terrain  conditions.  The  HF  equipment  when  used  In  the  modem 
single  sideband  (SSB)  mode  Is  a  part  of  one  of  AVRADA*s  current  thrusts:  the 
fielding  of  an  NOE  Communications  System  which  will  provide  an  i]iq)roved  means 
of  communication  to  and  from  aircraft  while  flying  In  a  NOE  mode,  <yOTE;  The 
thrust  also  Includes  an  Improved  FM  system  (IFM) ,  featuring  higher-radiated 
power  via  a  power  amplifier  and  improved  antennas.  The  IFM  will  provide  Im¬ 
proved  communications  in  a  near  non-llne-of-slght  condition.,) 

A  commonly  recognized  problem  ot  Including  the  HF  portion  of  the  spec¬ 
trum,  2  to  30  MHz,  on  the  helicopter  Is  the  lack  of  physical  space  to^pljice  a 
reasonable  near  resonant  length  antenna,  especially  the  lower  end  of  the  band 
(2  to  10  MHz)  that  Is  required  to  support  short  range  skyvave  propagation. 

After  Investigation  of  numerous  antenna  "devices,”  it  was  concluded  (a)  that 
effective  radiation  at  the  required  frequencies  can  be  achieved  by  causing 
the  excitation  of  the  entire  airframe,  and  (b)  that  the  best  excitation  was 
produced  by  an  antenna  concept  based  upon  the  unbalanced  shorted  transmission 
line  principle,  now  commonly  known  as  the  "shorted- loop,"  The  combined  trans- 
mi  t-receive  function  of  this  antenna  has  been  shown  to  be  practical;  however, 
additional  system  performance  could  possibly  be  achieved  by  use  of  a  dedicated 
receive  mode, 

2.  OBJECTIVES 


The  objective  of  this  research  program  was  to  determine  what  feasible  per¬ 
formance  Improvement  might  be  obtained  In  an  airborne  HF  system,  by  use  of  a 
separate,  optimized  receive  antenna  In  addition  to  that  antenna  used  In  a  dual 
transmit/receive  function.  The  principal  thrust  Is  to  demonstrate  Improved 
slgnal-to-nolse  ratio  which  will  result  In  Increased  sensitivity  :thus  per¬ 
mitting  a  greater  latitude  of  a  workable  frequency  choice, 

3.  APPROACH 


a.  The  program  was  begun  by  a  literature  search.  In  order  to  determine 
some  of  the  techniques  that  have  been  examined  by  others  to  achieve  an  effic¬ 
ient,  non-resonant  antenna  over  the  frequency  range  of  2  to  30  MHz,  particular 
emphasis  was  placed  on  these  efforts  within  the  2  to  10  Iflz  frequency  band. 
Some  of  the  short  antenna  techniques  considered  were  the  ferrite  loop,  small 
multi-turn  loop,  voltage  probe,  and  current  probe.  However,  as  a  result  of 
recent  significant  advance  In  the  solid-state  technology  of  high  frequency 
(low  noise)  devices,  the  major  effort  In  this  study  was  centered  on  an  active- 
antenna  approach. 
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TABLE  1.  FEED  POINT  IMPEDANCE  -  SHORTED  LOOP 


LOOP  LENGTH  14'  9" 


AIRCRAFT  LENGTH  40'  6" 


FREQ  MHz 

R 

±J 

FREQ 

R 

±3 

2 

0.2 

+53 

17 

31 

-348 

3 

0.31 

+81 

18 

20 

-308 

4 

0.48 

+113 

19 

14 

-247 

5 

1.13 

+150 

20 

11 

-200 

6 

3.92 

+198 

21 

9.3 

-160 

7 

11.87 

+252 

22 

8.2  i 

-125 

8 

21.6 

+322 

23  i 

7 

-94 

9 

34 

+425 

24  ' 

6 

-65 

10 

43 

+600 

25 

5.3 

-37 

11 

50 

+959 

26 

4.6 

1 

-9 

12 

336 

+2124 

26.3 

1 

4.5 

±3 

*12.813 

10020 

27 

5.5 

+21 

13 

4684 

-5202 

28 

9.3 

+33 

14 

262 

-1233 

29 

15.5 

+86 

15 

138 

-783 

30 

21 

+132 

16 

65.8 

-536 

Shortfrd  Loop  r.f.  '  i'-lH  'iLH4) 


TABLE  2.  FEED  POINT  IMPEDANCE  -  SIMULATED  SHORTED  LOOP 


FREQ  MHz 

MAG 

ANGLE 

HI 

i 

FREQ  MHz 

MAG 

ANGLE 

R 

2.0 

'  22 

+90 

+0.04 

22 

14.0 

1.8K 

-90 

-343 

-1800 

3.0 

32 

+90 

+0.06 

+32 

15.0 

620 

-90 

-380 

-620 

4.0 

45 

+90 

+0.086 

+45 

16 

380 

-90 

-280 

-380 

4.5 

52 

+90 

+0.10 

+52 

17 

280 

-90 

-220 

-280 

5 

60 

+90 

+0.50 

+60 

18 

220 

-90 

-220 

-220 

6 

76 

+90 

+1.5 

+76 

19 

180 

-90 

-160 

-180 

7 

100 

+90 

+2.0 

+100 

20 

160 

-90 

-140 

-20160 

8 

120 

+90 

+5.2 

+120 

21 

140 

-90 

-120 

-140 

j 

9.0 

160 

+90 

+15.2 

+160 

22 

120 

-90 

-110 

1 

-120 

10.0  ! 

220 

+90 

+23.2 

+220 

23 

110 

-90 

-■<■72.9 

-110  ! 

) 

11.0  1 

320 

+90 

+32.4 

+320 

28 

72 

-90 

-14 

-72  1 

12.5 

850 

+90 

+162 

850 

10 

62 

-90 

-11.8 

-62  1 

i 

13.5 


450K 


4500 


b.  Several  conmerclal  firms  have  already  invested  considerable  research 
effort  in  the  field  of  development  of  a  practical  active  antenna  in  the  VLF, 

LF,  and  UF  areas.  This  study  provided  a  suitable  source  for  th^^  acquisition 

of  a  commercial  device  that  can  be  evaluated  in  the  airborne  environment,  along 
with  an  in-house  laboratory  developed  approach. 

c.  It  was  determined  that  the  in-house  laboratory  development  should 
center  on  providing  the  electronics  to  form  an  ^’active**  shorted-loop.  Namely, 
tins  antenna  has  already  been  chosen  as  the  basic  antenna  to  be  Installed  on 
the  helicopter-type  aircraft  and  thus  a  switch  function  could  be  incorporated 
to  distinguish  between  a  ’’dedicated’*  receive  function  and  the  dual  purpose 
transmit/receive  application. 

d.  A  survey  was  conducted  to  determine  the  best  available  solid-state 
devices  to  be  acquired  for  the  construction  of  an  amplifier  for  the  shorted- 
loop  antenna.  The  input- impedance  of  this  device  is  predominately  inductive 
reactance  and  with  low  values  of  resistance  over  the  2  to  lO-MKz  range  of 
frequencies.  The  assistance  of  the  Electronic  Devices  and  Technology  Labora¬ 
tory  was  solicited,  resulting  in  a  suggestion  of  an  approach  using  a  Field 
Effects  Transistor  (FET)  as  a  matchlng/ampllfler  device. 

4.  DESIGN  DETAILS 


a.  As  indicated  above,  the  objective  was  to  examine  the  ’’active”  approach 
as  applied  to  a  voltage-probe  type  and  then  to  the  same  "shorted- loop"  as  now 
used  in  a  passive  transmit/receive  mode.  It  was  determined  to  buy  the  voltage- 
probe  type  and  to  design  and  build  the  current  probe-type  in  house. 

An  active  voltage  probe- type  antenna  was  purchased  from  Bay shore  Systems 
Corporation,  Model  UPS-192,  detailed  specifications  as  provided  in  the 
appendix. 

b.  The  impedance  characteristic  of  the  shorted-loop  antenna  as  installed 
on  a  Ull-IH  helicopter  is  shown  in  Table  1.  NOTE:  The  form  of  the  Impedance 
plot  shown  in  Figure  1  is  truly  that  of  a  nearly  pure  inductor.  An  equivalent, 
working  model  of  the  shorted-loop  antenna  on  the  helicopter  was  designed  and 
built  from  the  impedance  plot.  This  consisted  of  a  loop  ot  ten  turns  of  No. 

12  gauge  wire  with  a  coll  length  of  1-3/4  inch  and  a  diameter  of  1-3/8  inch 
and  which  was  shunted  with  an  82  PF  fixed  capacitor  (Figure  3A) .  The  tabular 
impedance  characteristic  is  shown  in  Table  2  and  is  plotted  in  Figure  2.  Thus, 
it  is  evident  that  the  resemblance  is  close  to  the  actual  antenna  and  was  con¬ 
sidered  to  be  satisfactory  for  the  purpose  of  laboratory  bench  tests  to  be 
performed  in  the  development  of  the  ’’active”  matcher/amplif ier.  A  duplicate 
coil-capacitor  was  constructed  and  mounted  exterior  to  a  small  shielded  metal 
box.  Two  variable  capacitors  were  arranged  In  the  box  as  a  ”T”  matcher  as 
shown  in  Figure  3B.  This  provides  a  simulation  of  the  shorten- -loop  along  with 
that  of  the  coupler  that  is  normally  a  part  of  the  output  amplifier/coupler, 
typically  employed  in  a  HF  SSB  system.  This  simulation,  however.  Is  equivalent 
to  a  receive  mode  only,  l.e.,  high  voltage,  power  capacitors  were  not  used* 

The  latter  arrangement  provides  a  base  of  reference  of  a  passive  tuned  antenna 
model,  suitable  for  laboratory  comparisons.  Some  typical  values  that  were  used 
for  matching  are  shown  in  Table  3. 


6 


Figure  3.  Simulated  antenna 


TABLE  3.  IMPEDANCE  AND  TYPICAL  TUNING  OP  SIMULATED  ANTENNA 


c.  A  RCA  type  3N140,  Dual  Gate  FET  was  chosen  as  the  amplifying  stage. 
This  device  is  characterized  as  having  a  high  input  impedance,  i.e.,  50  to 
300  K  ohms.  It  is  useful  with  frequencies  up  to  300  IlHz;  hov/ever,  the  avail¬ 
able  published  characteristics  were  provided  at  a  test  frequency  of  200  flHz. 


Some  of  these  are  as  follows: 

(1)  Power  Gain - — -  18  dB 

(2)  Noise  Figure - - - —  3.5  dB 

(3)  Forward  Transconductance  —  10,000  y  mhos 

(4)  Input  Capacitance - -  5.5  pf 


The  required  frequency  range  in  this  application  was  only  2  to  10  MHz 
and  the  power  gain  proved  to  be  up  to  40  dB,  in  some  select  cases. 

d.  The  approach  chosen  was  to  provide  only  parallel  capacitance  across 
the  antennas  at  designated  frequencies  lower  than  the  frequency  of  self- 
resonance  (13.5  MHz).  The  addition  of  ^the  appropriate  amount  of  parallel 
capacitance  will  produce  resonance  at  a  chosen  frequency,  i.e.,  a  high  resist¬ 
ance  without  reactance,  thus  an  appropriate  feed  for  the  high  impedance  FET. 
There  is  no  need  to  translate  the  high  resistance  to  50  ohms,  as  in  the  case 
of  typical  R?  devices.  In  this  Instance  where  the  FET  is  used,  a  50-ohm  in¬ 
put  would  be  very  inefficient. 

e.  Variable  and  fixed  capacitors  were  used  across  the  Input,  that  is,  in 
shunt  with  the  coil  and  gate  1  of  the  3N140  in  the  initial  feasibility  design 
(Figure  4) .  In  addition  to  the  feature  of  a  high  input  impedance  of  this  FET, 
an  impedance  transformation  to  approximately  300  ohms  is  provided  across 

the  output;  that  Is,  across  the  "drain**  and  **sink.**  The  major  purpose  of  the 
second  gate  of  the  3N140  is  to  provide  a  variable  gain.  Gate  2  was  provided 
with  a  variable  bias  accessable  by  a  screw  adjustable  100  K  ohm  potentiometer. 

A  design  for  the  additional  required  impedance  transformation  of  300  to  50  ohms 
was  tested  using  a  tapped  coil  as  shown  in  Figure  4* 

f.  In  the  next  phase  of  the  development,  the  use  of  varicaps  in  lieu  of 
the  manual  capacitors  was  examined.  A  type  HST-125  varicap  was  obtained  and 
examined  on  a  **Q**  meter.  The  typical  variation  of  capacitance  versus  voltage 
is  shown  in  Table  4.  The  capacitance  was  found  to  vary  from  266  PF  at 

0  volts  to  55  PF  with  28  volts  applied.  The  varicap  approach  was  then  incor¬ 
porated  into  the  circuit  as  shown  in  Figure  5.  The  tuning  capability  of  sev¬ 
eral  combinations  were  examined  in  the  '"active**  mode  and  the  results  are  shown 
in  Table  5. 

g.  The  output  matcher  (300  to  50  Q)  using  a  tapped  coil,  was  frequency 
sensitive  due  to  an  LC  circuit  formed  by  the  lower  "L**  tap  and  the  coupling 
capacitor  "C."  A  common  collector  or  emitter  follower  was  designed  and  built 
using  a  general  purpose  2N2222  transistor  as  shown  in  Figure  6*  An  almost  per¬ 
fect  and  flat  (in  respect  to  frequency)  matcher,  was  obtained  Uhen  this  ap¬ 
proach  was  used  in  lieu  of  the  tapped  coil. 
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Figure  6. 


Emitter  follower  Impedance  matcher 


h.  With  the  decision  to  tune  with  varicaps^  it  was  then  obvious  that  a 
voltage  control  capability  was  required.  This  was  devised  using  a  1N2985B 
zener  and  a  suitable  series  resistor.  Refering  back  to  subparagraph  f  and 
Table  5,  it  was  necessary  to  choose  various  combinations  of  varicaps  to  cover 
the  desired  frequency  range  of  2.5  to  8.5  MHz.  A  single  varicap  was  found  to 
be  satisfactory  for  the  "high"  band  when  using  the  10  turn  coil;  however,  later 
when  the  active  device  was  attached  to  the  real  antennas,  less  capacitance  was 
required  to  tune  the  highest  required  frequency,  hence  several  varicaps  were 
connected  in  series,  Tliis  is  shown  in  the  schematic  of  the  final  flyable 
model  (Figure  7A  and  B) .  Three  combinations  were  required  to  cover  the  fre¬ 
quency  range.  The  five  series  varicaps  remain  connected  for  all  bands  while 
one  of  two  relays  provide  paralleling  to  achieve  progressively  greater  capacity 
as  the  frequency  is  lowered,  i.e..  Band  "2"  and  Band  "3." 

t.  Tlio  flyablo  model  of  the  device  consisted  of  mounting  all  components, 
including  the  change-over  relay  in  a  2  by  4- inch  mini-box  and  suspending  same 
in  the  open  gap  or  feed  point  of  the  shorted-loop  antennas  (Figure  8).  The 
placement  of  some  of  the  components  can  be  seen  In  Figure  9.  The  circular  sec¬ 
tion  to  the  left  of  the  box  is  a  fiberglass  cylinder  serving  as  a  RF  Insulator 
and  provided  with  brass  fittings  and  an  Internal  lead  connects  to  the  change¬ 
over  relay.  A  brass  tube  was  used  on  the  opposite  side  (right  side  in  photo) 
to  extend  the  ground  of  the  airframe  to  the  mini-box.  \  front  view  of  the 
control  box  is  shown  in  Figure  10.  This  box  contains  a  precision  10  turn 
potentionmeter  (with  appropriate  dial),  used  for  biasing  the  varicaps,  a  band 
select  relay  control  switch  and  the  antenna  change-over  relay  control  switch. 
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8.  Active  device  configured  to  antenna 


Figure  9*  Ccmponent  placement 


Figure  10,  Active  device  and  control  box 


5 .  GROUND-TO-GROUND  TESTS 


a*  Procedure > 

(1)  A  mock-up,  consisting  of  the  empty  shell  of  an  actual  UH-lB  heli¬ 
copter  was  positioned  on  a  30-foot  high,  turntable  tower  at  the  CECOM  An¬ 
tenna  Test  Site,  Wayside.  A  10-foot  long  shorted-loop  antenna,  as  used  In 
earlier  experiments,  was  first  mounted  on  the  tail  boom  and  its  impedance 
characteristic  was  measured.  Then  a  16- foot  long  antenna  was  mounted  and  mea¬ 
sured.  The  test  results  are  shown  in  Table  6.  The  most  significant  character¬ 
istics  noted  between  the  two  versions  were  in  a  lower  magnitude  of  Inductive  re¬ 
actance  at  the  low  end  of  the  band  for  the  shorter  antenna  and  a  lover  self- 
resOnance  frequency  for  the  larger  antennas.  The  16-foot  version  of  the 
shorted-loop  antenna  was  chosen  because  less  capacitance  would  be  required  for 
matching,  in  that  this  capacitance  would  be  obtained  by  paralleling  of  rela¬ 
tively  small  number  of  variactors.  In  addition,  the  self-resonance  frequency 

of  13.10  MHz  is  above  the  frequency  band  of  interest  in  this  experiment.  The 
16-foot  shorted-loop  antenna  and  the  active  device  as  mounted  on  the  mock-up 
is  sho^m  in  Figure  11. 

(2)  A  transmitting  site  located  at  a  distance  of  5400  feet  was  selected. 

An  adjustable  length,  resonant  dipole,  suspended  at  a  height  of  30  feet  was 
provided  at  this  site.  A  similar  dipole  was  provided  within  a  200  foot  dis¬ 
tance  to  the  turntable  site  and  used  as  a  reference  during  gain  measurements. 

(3)  The  passively  tuned  antenna  case,  which  is  normally  provided  by  an 
automatic  coupler  of  a  typical  HF  SSB  set  was  simulated  by  providing  a  manually 
operated  coupler,  positioned  in  the  same  location  as  the  automatic  within  the 
boom  section  of  the  UH-IH  (Figure  12).  For  data  recording  purposes,  this  ar¬ 
rangement  was  designated  as  antenna 


TABLE  6.  PEED  POINT  IMPEDANCE  -  SHORTED  LOOP 
MOCK-UP,  UH-IB  HULL 
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Figure  11.  Active  device  mounted  on  mock-up 


Figure  12.  Passive  antenna  coupler  In  mock-up 


(4)  The  lab^bullt,  active-type  antenna  was  designated  as  antenna 

The  change-over  relay  provided  the  choice  between  active  or  the  passive 
ii^tt  with  ”Y"  being  connected  to  the  loop  in  the  de-energlaed  position^ 

(5)  The  commercial,  active-type  antenna  (Bayshore  model  UPS-192,  Figure 

13), was  designated  as  antenna  The  voltage-probe  blade  was  mounted  on  the 

top  of  the  cockpit  section  of  the  mock-up  as  shown  In  Figure  14,  with  the  dis¬ 
tribution  amplifier  being  placed  In  the  cockpit  section. 


Figure  14.  UPS-192  voltage-probe  mounted  on  mock-up 
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(7)  A  comparative  gain  test  was  conducted  by  transmission  from  a  second 
test  site  located  5,400  feet  away,  using  a  Loglmetrlcs  920  signal  generator. 
An  output  of  1-20  dBm  (100  mW)  was  fed  Into  a  resonant  dipole  for  each  fre¬ 
quency  step,  ranging  from  3.195  to  8.160  MHz.  The  output  of  the  X,  Y,  and  Z 
antennas  and  an  adjiisted  dipole  at  the  receive  end  were  measured  with  the 
101-25T  and  recorded  as  shown  In  Table  7.  The  slgnal-off,  ambient  noise  level 
was  read  and  recorded  concurrently  with  the  respective  test  signals.  This 
data  Is  also  shown  In  Table  7.  A  graph  showing  the  relative  output  from  each 
of  the  four  antennas  Is  shown  In  Figure  16. 
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TABLE  7.  COMPABATIVB  GAIN 


(8)  A  comparative  minlmtim  dlscernlbillty  test  was  conducted  by  use  of  the 
Rec/Trans  unit  of  the  AN/GRC-106  Radio  Set  on  each  end  of  the  test  path.  One 
of  the  R/Ts  was  used  In  a  normal  HF  SSB  transmit  mode.  The  output  of  the  R/T 
had  an  average  power  of  a  400  mW  and  this  was  fed  to  the  Input  of  the  adjusted 
transmit  dipole*  through  a  step  attenuator.  The  second  R/T  was  used  In  a  normal 
receive  mode  at  the  mock-up  site  and  Its  Input  was  connected  successively  to  the 
output  of  antennas  X,  Y,  and  Z.  The  transmit  level  of  the  R/T  was  Initially  ad¬ 
justed  to  a  minimum  discernible  level  as  determined  at  the  receive  R/T  when  con¬ 
nected  to  the  output  of  the  passive  antenna  X.  This  value  of  attenuation  became 

the  basis  of  comparison  for  the  two  active  antennas  as  these  were  connected  to 

the  Input  of  the  R/T  and  the  transmit  signal  adjusted  to  regain  the  same  Intelll- 
blllty  value*  namely  a  to  ’•4”  rating  (Table  8  and  Figure  17). 


TABLE  8.  HF  SSB  CIRCUIT 
MINIMUM  DISCERNIBILITY 
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Figure  17.  DLscernlblllty  as  related  to  passive  "X”  using 
HF  SSB  speech 
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i  (9)  A  quantitative  evaluation  of  signal  dlscernibllity  was  performed  by 

■  use  of  a  narrow-band  1000  Vz  ampllf ler/tneter  that  Is  contained  within  a  con*- 

I  vencional  VSWR  meter  (HP  415E)  normally  used  as  an  indicator  with  a  slotted 

I  transmission-line  set-up.  In  use,  the  Logwlroetrics  920  signal  generator  was 

I  again  used  as  the  signal  source  and  modulated  at  80  percent  using  its  Internal 

modulation  feature.  As  in  (8)  above,  the  output  of  the  passive  antenna  X  was 
established  as  the  base  of  reference  for  the  performance  of  antennas  Y  and  Z. 

A  convenient  level  of  field  strength  was  chosen  as  read  on  the  NM-25T.  The 
audio  output  (accessible  by  a  Jack  connector)  was  fed  into  the  HP  415E,  VSWR 
meter  and  the  meter  controls  were  adjusted  for  a  mid-scale  indication,  l.e.. 

Next,  the  output  of  antennas  Y  and  Z  were  fed  into  the  receiving  system, 
in  succession,  and  the  transmit  power,  P^,  was  adjusted  to  the  point  where  the 
half-scale  output  from  the  VSWR  meter  was  re-established.  The  resulting  data 
in  rpspect  to  received  field  strength  and  adjusted  Pt  is  shown  in  Table  9.  A 
graph  showing  the  discernibility  of  antennas  Y  and  Z  as  normalized  to  antenna 
X  is  shown  in  Figure  18.  (NOTE:  This  comparison  was  limited  to  8.16  MHz  for 
the  Y  antenna,  due  to  its  matching  limitations).  The  characteristics  of  the 
Z  antenna,  compared  to  the  X  antenna  was  continued  to  30  MHz,  the  upper  band 
edge.  Additional  comparative  gain  data  were  generated  in  this  test,  as  shown 
in  Table  9,  and  these  results  ^ ere  plotted  as  a  graph,  shown  in  Figure  19. 


n^MRE 

Figure  18.  Dlscernlbllity  as  related  to  passive  "X"  using  1000  Hz  modulation 


b.  Discussion 


(1)  A  differential  of  30  to  40  dB  advantage  of  antenna  Y  over  X  is  clearly 
Illustrated  In  Figure  16.  However »  a  portion  of  this  Increase  is  due  to  ampll*- 
fled  ambient  atmosphere  noise. 

(2)  The  relationship  of  the  resonant  dipole  to  the  X  antennas  as  depicted 
in  Figure  16  Is  considered  to  be  an  approximation^  due  to  limited  data  collec¬ 
ted  for  this  element  In  these  tests;  l«e.»  prior  experience  has  show',  that  the 
data  points  obtained  at  4*5,  4*910^  and  5.485  are  probably  3  to  5  dB  greater 
than  the  data  which  was  recorded.  The  shorted-loop,  15-foot  long  antenna,  when 
mounted  on  the  UH-IH,  Is  expected  to  have  a  gain  characteristic  of  10  to  5  dB 
less  than  a  resonant  dipole  over  the  2  to  6  MHz  portion  of  the  HF  band. 

(3)  The  gain  characteristic  of  the  Z  antenna  (Bayshore  UPS  192A)  was  shown 
to  be  comparable  to  the  X  antenna. 

(4)  The  objective  of  the  minimum  discernible  test  was  to  simulate  a  weak 
signal  path  condition  in  order  to  evaluate  any  Improvement  that  might  be  pro¬ 
vided  using  either  of  the  active  antennas  Y  or  Z  In  lieu  of  the  normal  passive 
antenna  X,  The  recelver/excitet  of  an  actual  HF  SSB  radio  set  was  used  In  order 
to  gain  any  advantage  as  provided  by  SSB  in  the  presence  of  atmospheric  noise. 
The  results  as  shown  in  Table  8  indicate  that  a  Px  of  less  than  one-half  milli¬ 
watt  was  used  in  most  portions  of  the  test  where  the  active  antenna  Y  was  being 
used  to  feed  the  R/T  at  the  receive  end  of  the  circuit.  When  the  active  antenna 
Z  was  used,  removal  of  attenuation  was  required  at  the  transmit  end  to  regain 
the  same  level  of  intelligibility  as  established  by  uffe  of  the  X  antenna.  The 
response  shows  that  antenna  Z  was  from  0  to  -12  dB  less  in  performance  than 
antenna  X  (Figure  17).  This  is  attributed  for  the  most  part  to  an  Inherent 
noise  level  within  the  Z  antenna  system  when  operated  at  a  low  signal  level, 

(5)  The  purpose  of  the  next  test  was  to  evaluate  the  relative  merits  of 
the  quality  of  outputs  provided  by  each  of  the  active  antennas  as  compared  to 
the  passive  type,  i.e.,  signal-to-noise  ratio,  A  fixed  modulation  frequency, 
1000  Hz  and  a  narrow-band  filter  amplifier  was  chosen  as  the  discriminator  be¬ 
tween  a  signal  and  Intermeshed  noise.  The  results  shown  by  the  graph  of  Figure 
18  indicates  that  the  Y  antenna  has  an  average  of  12  dB  improvement  of  S/N  ratio 
over  X,  with  a  peak  of  20  dB  at  a  frequency  of  5,960  MHz,  The  Z  antenna  was 
found  to  have  an  average  S/H  ratio  of  5  dB  over  the  frequency  range  of  3  to  24 
MHz  over  X,  with  a  peak  of  14  dB  at  30  MHz, 

(6)  The  plot  of  the  gain  characteristic  data,  shown  In  Figure  19,  indi¬ 
cates  a  reasonable  agreement  of  antenna  Y  over  X  with  data  recorded  in  Table  7. 
However,  the  performance  of  the  Z  antenna  Is  greater  for  the  most  part.  Then, 
in  the  comparison  to  X  above  8.16  MHz,  the  limit  of  tuning  of  antenna  Y,  a 
significant  Improvement  of  upwards  to  5  dB  was  realized  even  with  a  22  dB  ad¬ 
vantage  over  X  at  a  frequency  of  30  MHz. 

c.  Conclusions. 

(1)  The  active  antenna  ^'Y"  provides  a  definite  advantage  over  the  passive 
antenna  ”X’’  In  respect  to  an  Increase  of  field  strength,  or  greater  than  30  dB. 

(2)  The  **Y”  antenna  shows  a  capability  of  Improving  dlscernibility  of  In¬ 
telligibility  over  "X**  by  a  factor  of  5  to  10  dB,  This  Is  accomplished  by  pro¬ 
viding  amplification  directly  at  the  feed  point  of  the  antenna,  plus  providing 
a  signal-to-noise  advantage. 


(3)  As  a  by-product.  It  has  been  demonstrated  that  the  characteristically 
high  narrow-band  shorted-loop  antenna  can  be  tuned  by  a  voltage  controlled 

capacitor  (varicap) •  This  would  permit  very  rapid  scanning  over  a  broad  range 
of  frequencies  with  a  portion  of  the  2-30  MHz  HF  Band,  with  the  application  of 
appropriate  "stair-step*'  voltages.  The  present  shorted-loop  "X"  antenna  Is 
passively  tuned  by  cumbersome  mechanically  driven  capacitors,  thus  preventing 
a  rapid  receive  scan  mode. 

6.  GROUND-TO-AIR  TESTS 


a.  Procedure. 


(1)  The  active  assembly  that  comprises  antenna  Y,  was  fortified  against 
vibration  by  covering  the  components  board  with  RTV  compound.  Exterior  Joints 
of  the  box  were  sealed  with  RTV  and  then  the  device  was  securely  attached 
across  the  open  end  of  a  normal  shorted-loop  antenna,  as  had  been  Installed  on 
an  operational  UH-IH  helicopter,  tall  No.  6660894,  The  complete  external  In¬ 
stallation  is  shown  in  Figure  20. 


Figure  20.  Active  device  Installed  on  a 
flyable  UH-IH  helicopter 


(2)  The  Receiver-Exciter  of  the  AN/ARC-174,  672U,  was  Installed  In  the 
portslde  rear  equipment  compartment,  normally  used  for  the  mounting  of  the 
AN/ ARC- 102  (Figure  21).  The  ampllf ler/couper,  548S,  along  with  an  auxiliary 
capacitor,  641D,  was  Installed  In  the  space  at  the  beginning  of  the  boom  sec¬ 
tion  as  normally  used  for  mounting  the  490T  (CU-1650)  antenna  coupler  (a  part 
of  the  AN/ARC-102).  The  set  control  head,  514A,  was  Installed  In  the  lowest 
left  space  of  the  center  console. 
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Figure  21,  AN/ARC-174  rec/trans  Installed 
in  the  AN/ARC-102  compartment 

(3)  The  Singer  NM25T  field  strength  meter  and  the  control  head  for  an¬ 
tenna  Y  were  mounted  on  an  available  rack  that  had  been  used  in  a  previous 
project.  This  rack  was  already  provided  with  mounting  hardware  that  permitted 
attachment  to  the  deck  of  the  crew  compartment,  via  seat  anchor  points.  The 
distribution  amplifier  of  the  Bayshore  UPS-19 2A  was  attached  above  the  map  case 
on  the  center  console.  This  Installation  is  shown  in  Figure  22. 


Figure  22*  Control  and  instrumentation  as  first 
Installed  in  the  crew  compartment 


(4)  The  various  signal  modes,  necessary  for  the  conduct  of  the  test,  were 
initially  provided  by  three  short  length  RG-58  cables,  terminated  with  female 
BNC  connectors.  These  are  described  as  the  output  of  the  passive  antenna  "X'* 
which  was  a  cable  connection  to  a  "Tee**  connector  between  the  AN/ARC-174  Rec/ 

Exc  and  the  amp/coupler,  the  output  of  the  active  antenna  *'Y''  and  the  output  of 
the  active  antenna  **Z.’*  The  test  procedure  required  measuring  the  output  ampli¬ 
tude  of  each  of  the  antennas  X,  Y,  and  Z  on  an  individual  basis  in  respect  to 
field  strength  on  the  NM-25T,  then  to  evaluate  the  effectiveness  of  the  outputs 
of  antennas  **Y**  and  **Z**  in  the  improvement  of  intelligibility  when  incorporated 
into  the  major  HF  SSB  cummunicatlon  link,  i.e.,  connecting  the  **Y**  or  **Z**  an¬ 
tennas  output  to  the  input  of  the  R/T  of  the  SSB  set  while  operating  in  the 
receive  mode. 

(5)  A  marked  Improvement  on  the  part  of  the  efficiency  of  the  operator 
was  provided  by  installation  of  two,  electrically  operated,  coaxial  switches, 
as  shown  in  Figure  23.  This  improvement  was  installed  before  the  final  compre¬ 
hensive  flight  test,  as  conducted  on  2  September  1981. 


Figure  23.  Control  and  instrumentation  as 
an  improved  installation 


(6)  The  audio  output  of  the  NM^25T  field  strength  meter  was  interconnec¬ 
ted,  via  a  selectable  switch,  into  position  No.  4  of  the  aircraft's  interphone 
system.  This  was  done  to  enable  monitoring  and  identification  of  the  desired 
signal  by  use  of  the  normal  helmet  earphones. 

(7)  The  installation  as  made  in  the  flyable  helicopter,  was  checked  by 
the  use  of  the  Logimetrics  signal  generator,  fed  into  a  vehicular  FM  band  whip, 
located  with  the  hanger  of  a  separation  distance  of  approximately  200  feet. 

The  relative  field  strengths  of  the  X,  Y,  and  Z  antennas  are  shown  in  Table 
lOA  and  plotted  as  a  graph  (Figure  24).  The  relative  characteristics  of  these 
antennas  %7hen  operating  in  a  Near  Vertical  Incident  Skywave  (NVIS)  mode  was  ex¬ 
amined  on  the  following  day  and  these  results  can  be  seen  in  Table  lOB  and 
Figure  25. 
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Figure  25.  Relative  performance  -  NVIS  mode  Wayside 

(8)  A  ground  and  an  airborne  test  was  conducted  using  the  passive  ''X''  and 
active  antennas,  without  the  active  "Y"  antenna.  This  was  done  primarily 
as  a  ”trouble--shootlng"  technique  In  resolving  an  antenna  changeover  relay  mal* 
function,  as  contained  within  the  box  Inclosure  of  the  antenna  system.  The 
flight  was  from  LAS  to  Coyle  VOR  and  on  to  Atlantic  City.  The  results  are  shown 
In  Tables  11  and  12  and  the  data  In  the  form  of  a  graph  Is  shown  In  Figure  26A, 
B,  and  C. 


TABLE  11.  PREFLIGHT  - 

WAYSIDE  TO  LAS 


Of  PASSIVE  ACTIVE 


TABLE  12.  AIRBORNE  TEST 
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3 

hover  at  Atlantic  City 

3 

toochdown  Atlantic  City 
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3 

20  nilaa  iron  Atlantic  City 
(ratoni) 
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(9)  Subsequent  to  the  redesign  of  the  Installation  of  the  antenna 
changeover  relay  (a  necessary  function  to  permit  the  choice  between  the 
passive  transmit/receive  mode  and  the  receive  active  'V  mode),  a  sec¬ 
ond  set  of  tests  of  sensitivity  were  performed  using  a  procedure  similar  to 
step  (7)  above,  while  the  aircraft  was  inside  the  hanger.  This  data  is  shown 
in  Table  13  and  Figure  27. 

j 

i 
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TABLE  13.  RELATIVE  SENSITIVITY 
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Figure  27«  Relative  sensitivity 


(10)  The  aircraft  was  then  moved  to  the  flight  line  (out  of  the  hanger) 
and  the  relative  response  characteristics  of  the  three  antennas  were  examined 
under  NVIS  conditions.  This  was  accomplished  by  establishment  of  a  communica¬ 
tion  path  to  the  Wayside  site,  a  ground  distance  of  20  miles,  but  with  an  NVIS 
radio  path  of  approximately  375  miles.  (NOTE:  The  round  trip  path  length  to 
the  Ionized  layers  and  return,  a  loss  equal  to  about  10  miles  ground  wave  loss.) 
The  results  of  these  measurements  are  shown  In  Table  14  and  plotted  as  a  graph 
(Figure  28). 
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(12)  A  final  ground-to-ground  check  of  the  aircraft  antenna  Installation 
was  performed  on  31  August  1983,^  again  using  the  Wayside  -  LAS  communication 
path  and  a  dipole  transmitting  antenna.  These  test  results  are  shown  in  Table 
16  and  Figure  30. 


TABLE  16.  RELATIVE  CHARACTERISTIC  - 
WAYSIDE  TO  FLIGHT  LINE  LAS 


(13)  The  major  flight  test  war  accomplished  on  2  September  1981,  This 
consisted  of  flying  from  the  Fort  Monmouth  Charles  Wood  Area  to  the  vicinity 
of  the  Delaware  Water  Gap,  PA,  a  distance  of  73  miles.  This  site  provided  an 
opportunity  to  perform  a  complete  terrain  masked  communication  path  test  when 
the  helicopter  was  flown  about  100  feet  above  the  Delaware  river  in  between 
sharp  ascent  hills  that  extended  to  a  height  of  1000  feet  above  the  water  level. 
Several  passes  were  made  through  this  near  ideal  nap-of-the-earth  (NOE)  test 
site  while  field  strength  data  was  being  measured  and  recorded  (Table  17A).  A 
refueling  and  lunch-stop  was  made  at  Wilkes-Barre,  PA;  then  a  second  low  level 
(NOE)  flight  was  performed  on  the  lee  side  of  the  Camelback  mountain  which 
rises  to  a  peak  height  of  2133  feet  above  sea  level  approximately  1500  feet 
above  the  flight  pass.  Again  comparative  data  from  the  three  antennas  was 
measured  and  recorded,  see  Table  17B.  The  relative  airborne  NVIS  characteris¬ 
tics  are  shown  in  Figure  31A  and  B. 


TABLE  17.  NOE  FLIGHT  TEST  (NVIS) 
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Figure  31.  Relative  characteristic  -  airborne  NVIS 
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b .  Discussion • 


Cl)  The  Bayshore  UPS*-192A  blade  antenna  was  installed  on  the  bottom  of  the 
cockpit  section  due  to  convenience  of  using  an  available  inspection  port  cover. 
This  position  is  not  the  best  choice  for  reception  of  the  NVIS  signal  mode. 

(2)  The  near-field  relative  sensitivity  data  as  shown  in  Table  lOA  and 
Figure  24  indicates  that  the  Bayshore  active  blade  antenna,  Z,  has  a  notable 
advantage  over  the  antenna.  The  variation  of  sensitivity  of  all  three  an¬ 
tennas  versus  frequency  is  attributed  to  the  mismatch  of  the  transmitting  whip 
which  the  signal  generator  was  fed  into.  Otherwise,  the  outputs  would  approxi¬ 
mate  a  straight  line. 

(3)  The  first  of  a  series  of  NVIS  mode  characteristics  of  Table  lOB  and 
Figure  25  is  limited  in  scope  of  frequency  spread  but  it  is  clear  that  the 
active  "Y**  antenna  can  provide  a  notable  advantage  over  ’*X**  and 

(4)  Tlie  second  NVIS  mode  characteristic  was  performed  using  only  the  X 
and  Y  antennas.  The  ground-to-ground  data  of  Table  11  and  Figure  26A  show  that 
the  performance  of  the  two  are  about  equal.  However,  during  the  flight  test  to 
Coyle  VOK,  a  distance  of  36  miles  and  to  Atlantic  City  (AC),  a  distance  of  65 
miles,  the  sensitivity  of  the  Z  antenna  was  approximately  10  dB  less  than  the  X 
antenna.  It  Is  notable  that  the  intelligibility  and  field  strength  while  on  the 
ground  at  Coyle  and  Atlantic  City  are  about  the  same  and  not  too  much  less  than 
the  measurements  on  the  flight  line  at  Lakehurst,  a  distance  of  21  miles. 

(5)  The  near  field  relative  sensitivity  was  rechecked  after  the  Installa¬ 
tion  of  a  second  change-over  relay  and  the  results  as  recorded  In  Table  lOA  was 
confirmed  per  data  shown  in  Table  13  and  Figure  27. 

(6)  The  performance  data  shown  in  Table  14  and  Figure  28  illustrate  about 
three  quarters  of  an  expected  NVIS  characteristic.  The  plot  is  lacking  a  typi¬ 
cal  reduction  of  systems  performance  that  would  have  occurred,  had  the  frequency 
been  raised  two  to  four  megahertz  higher.  It  is  evident  that  an  output  signal 
from  Che  Y  antenna  is  a  considerable  improvement  over  the  X  and  Z  antennas.  The 
lesser  performance  of  the  Z  antenna,  in  the  NVIS  mode,  as  compared  to  the  near 
field  is  attributed  to  a  vertical  incidence  in  the  first  to  a  horizontal  inci¬ 
dence  of  the  latter. 

(7)  The  characteristic  of  the  near  NVIS  mode  shown  in  Table  15  and  Figure 

29  has  some  differences  to  that  of  the  Figure  28,  attributed  to  the  fact  that  a 
mobile  shorted  loop  was  used  instead  of  the  resonant  dipole  as  the  transmitting 
source  and  to  a  change  of  Ionospheric  reflective  conditions,  i.e.,  data  for 

Figure  28  was  obtained  in  the  morning  period  and  the  data  for  Figure  29  was  ob¬ 

tained  in  the  afternoon.  It  is  noteworthy  to  consider  the  improvement  of  intel¬ 
ligibility  as  recorded  in  Table  15  at  each  boundzry  of  the  NVIS  "window.” 

(8)  The  final  checkout  of  the  antenna  systems  as  performed  on  31  August 

1981  prior  to  an  extensive  flight  test  on  2  September  1981.  This  data  as  re¬ 
corded  In  Table  16  and  Figure  30  shows  that  all  systems  are  in  a  "GO"  status. 
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(9)  The  results  obtained  in  a  morning  and  in  an  afternoon  flight  in  a 
typical  NOE  environment,  as  recorded  in  Table  17A  and  B  and  Figure  31A  and  B 
provides  some  clear  evidence  that  the  use  of  the  active  antenna  approach  can 
be  an  asset  in  providing  a  broader  **window”  from  which  to  choose  operational 
frequencies  when  operating  in  the  NVTS  mode.  For  example,  the  intelligibility 
reading  at  an  operational  frequency  of  4.A45  MHz  was  raised  from  a  ”2-3**  for 
the  X  antenna  to  a  ”4”  for  the  Y  antenna,  while  flying  very  low  in  a  gap  be¬ 
tween  two  mountains*  In  like  manner,  the  intelligibility  was  improved  at  the  > 
upper  frequency  boundary  of  8.160  MHz  for  a  **3”  for  the  X  antenna  to  a  **5** 
for  the  Y  antenna.  This  phase  of  the  evaluation  is  considered  to  be  the  most 
significant  of  all  tests  performed  throughout  the  project. 

7 .  SUMMARY 


Objective.  To  demonstrate  Improved  signal-to-noise  ratio  in  a  High 
Frequency  Single  Sideboard  (HF  SSB)  system  by  use  of  a  dedicated  antenna  re¬ 
ceive  function  in  addition  to  a  transmit  function. 

Approach.  An  active  antenna  concept  was  chosen  as  the  primary  ap¬ 
proach  to  achieving  the  objective.  Two  types  of  active  antennas  were  consider¬ 
ed,  a  voltage  probe  and  a  current  probe.  The  voltage  probe  type  was  a  commer¬ 
cial  version,  manufactured  by  Bay shore  Systems  Corporation  and  the  current 
probe  type  was  completely  developed  in-house.  The  current  probe  was  simply  an 
**add-on**  ancillary  device  to  the  shorted-loop  antenna. 

The  lab-built  active  device  provides  electronic  tuning  of  the  shorted- 
loop,  a  stage  of  RF  gain  and  an  impedance  matching  stage.  The  components  to 
provide  these  functions  were  housed  in  a  small  2  by  2  by  4- inch  mini-box  and 
physically  installed  at  the  feed  point  or  **gap**  of  the  shorted  loop  antenna. 

c.  Ground-to-Ground  Tests.  The  Initial  tests  of  the  Bayshore,  lab-built 
and  the  passive  (original  shorted-loop  design)  antennas  were  performed  on  a 
mock-up  or  empty  shell  of  a  UH-1  helicopter,  while  positioned  on  a  SC-foot  high 
turntable  tower.  The  lab-built  active  antennas  showed  a  differential  of  30  to 
40-dB  advantage  in  field  strength  over  the  passive  antennas  and  the  Bayshore 
device  was  found  to  be  comparable  to  the  passive  antenna.  The  slgnal-to-noise 
Improvement  ratio  of  the  lab-built  device  was  found  to  be  in  the  range  of  5  to 
10  dB  above  the  passive  antenna  across  the  low  portion  of  the  HF  band. 

d.  Ground-to-Alrcraft  Tests.  The  active  lab-built  device  was  integrated 
with  a  normal  AN/ARC-174  HF  SSB  radio  set,  where  a  special  installation  was 
made  on  a  fly able  UH-IH  helicopter,  using  the  shorted-loop  antenna.  The  Bay- 
shore  device  was  mounted  on  the  underside  of  the  cockpit  area.  Several  ground- 
to-alrrraft  tests  were  made  while  the  aircraft  was  on  the  ground,  but  positioned 
In  a  way  that  the  NVIS  mode  was  being  used.  Two  successful  flight  tests  were 
accomplished,  onv  where  only  the  passive  and  the  Bayshore  devices  were  used  and 
evaluated  at  ranges  of  36  to  65  miles.  The  second  and  major  flight  consisted 

of  several- low  level  passes  about  100  feet  above  the  Delaware  river  at  a  geo¬ 
graphical  point  known  as  the  Delaware  Water  Gap;  distance  of  73  miles  from  the 
ground  station.  This  location  provided  atypical,  complete  non-line-of-slght 
condition  as  a  result  of  terrain  masking,  that  is  considered  to  be  common  to  a 
NOE  flight  regime.  The  active  lab-built  antenna  system  provided  a  worth  while 
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signal  strength  improvement  and  signal/noise  ratio  oyer  the  passive  antenna 
during  all  phases  of  the  flight.  The  most  significant  improvement  was  at  the 
lower  and  upper  boundrlea  of  the  NVIS  frequency  ”wlndo^^**;  thus.  In  fact,  pro¬ 
viding  a  wider  window  from  which  to  choose  workable  frequencies. 

The  Bayshore  Urs-192A  voltage-probe  active  antenna  proved  to  be  equal  In 
performance,  to  the  shorted- loop  antenna,  increase  in  signal  strength  was 
found  and  the  output  contains  some  noise  energy  that  originates  within  the  an¬ 
tenna  system  itself,  noticable  at  low  intensity  signal  levels.  The  Bayshore 
device  could  be  recommended  where  surveillance  alone  is  required  and  the  use  of 
a  12  to  16-foot  aluminum  tube  that  is  necessary  for  the  shorted-loop  is  not 
justified. 

8.  CONCLUSIONS 

a.  The  active  antenna  provides  a  sensitivity  improvement  ranging  from  25 
to  30  dB  over  the  currently  used  passive  antenna. 

b.  Tlie  active  antenna  provides  a  signal-to-noise  ratio  improvement  of  5 
to  10  dB  through  the  lower  portion  of  the  HF  band  (2-10  MHz).  This  feature  can 
be  used  to  increase  the  width  of  the  frequency  ’’window”  when  using  the  NVIS  mode. 

c.  The  use  of  varicaps  in  tuning  the  shorted-loop  can  provide  very  rapid 
scanning  over  a  broad  range  of  frequencies  within  the  lower  portion  of  the  HF 
band.  The  present  shorted-loop  design  is  passively  tuned  by  cumbersome  mech¬ 
anically  driven  capacitors,  thus  preventing  a  rapid  receive  scan  mode. 

d.  The  Bayshore  UPS-192A  antenna  is  not  considered  to  have  characteristics 
that  would  contribute  to  improved  sensitivity  or  signal-to-noise  ratio  in  the 
low  end  of  the  HF  band,  when  compared  to  the  passive  12  to  16-foot  shorted-loop 
antenna. 

e.  The  ILIR  objectives  have  been  achieved  and  the  idea  Is  relevant  to  a 
possible  lmprov€!ment  of  the  HF  SSB  system  that  is  to  be  implemented  as  a  part 
of  the  NOE  Communication  System. 
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APPENDIX. 


BAYSHORE  UPS-192A 


1 .  GENERAL  DESCRIPTION 


The  UPS-192A  Active  Antenna  System  is  designed  for  the  reception  of  signals 
in  the  frequency  range  from  2  MHz  to  30  MHz.  Three  isolated  outputs  are  pro¬ 
vided. 


The  system  consists  of  a  blade  assembly  and  distribution  amplifier.  The 
antenna  blade  assembly  contains  the  antenna  rod  and  matching  amplifier*  Inter¬ 
connection  of  the  blade  assembly  and  distribution  amplifier  is  by  means  of 
RG-22B/U  balanced  coaxial  cable.  Signals  from  the  matching  amplifier  and  power 
to  the  matching  amplifier  are  both  carried  by  the  interconnecting  cable.  The 
Interconnecting  cable  is  driven  from  a  balanced  source  and  terminated  by  a 
balanced  load  equal  to  the  characteristic  impedance  of  the  cable  to  maintain  a 
VSWR  over  the  operating  frequency  range  of  the  antenna.  The  use  of  the  balanced 
transmission  line  minimizes  extraneous  signal  pick-up  in  the  interconnecting 
cable.  The  Blade  Assembly  is  specially  coated  to  minimize  effects  of  ionization 
and  precipitation  static. 


The  three  signal  outputs  are  available  at  BNC  coaxial  connectors  on  the 
Distribution  Amplifier  unit.  The  antenna  system  operates  from  +28  volts  DC 
applied  via  the  input  power  connector  on  the  Distribution  Amplifier  unit.  Tlie 
antenna  system  is  placed  in  operation  by  the  application  of  input  power. 


2.  TECHNICAL  SPECIFICATIONS  (Preliminary) 


Signal  Outputs 


Three  outputs  each  covering  the 
frequency  range  from  2-30  MHz. 


Effective  Height^ 


25  centimeters  nominal 


Dynamic  Range  -  Will  accomodate  signal  levels  from 

noise  threshold  up  to  4  volts/meters 


Load  Impedance  (all  outputs) 
Output  Impedance  (all  outputs) 


50  ohms  unbalanced.  Will  operate 
iato  other  load  Impedances 

Output  source  impedance  is  50  ohms 
unbalanced 


Size  (Inches) 

Antenna  Rlade  Assembly 
Distribution  Amplifier 
Power  Requirements  - 


Approximately  5  by  2  by  9-1/8  high 

4-3/4  by  5-1/4  by  4  inches  overall 

+22  to  +32  VDC  140  ma  nominal  at 
28  VDC 


^Open  circuit  output  voltage  from  antenna  system  50-ohm  source  Impedance  is 
equal  to  the  voltage  Induced  In  an  antenna  of  25  centimeter  effective  height. 
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